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Candies, chewing gums, dried fruits, jellies, chocolate, and shredded squid pieces imported
from 17 countries were surveyed for their aluminum content. The samples were bought
from candy shops, supermarkets, and convenience stores, and through online shopping.
Sample selection focused on imported candies and snacks. A total of 67 samples, including
five chewing gums, seven dried fruits, 13 chocolates, two jellies, two dried squid pieces,
and 38 candies, were analyzed. The content of aluminum was analyzed by inductively
coupled plasma optical emission spectrometry (ICP OES). The limit of quantitation for
aluminum was 1.53 mg/kg. The content of aluminum ranged from not detected (ND) to
828.9 mg/kg. The mean concentrations of aluminum in chewing gums, dried fruits, choc-
olate, jellies, dried squid pieces, and candies were 36.62 mg/kg, 300.06 mg/kg, 9.1 mg/kg,
2.3 mg/kg, 7.8 mg/kg, and 24.26 mg/kg, respectively. Some samples had relatively high
aluminum content. The highest aluminum content of 828.9 mg/kg was found in dried
papaya threads imported from Thailand. Candies imported from Thailand and Vietnam
had aluminum contents of 265.7 mg/kg and 333.1 mg/kg, respectively. Exposure risk
assessment based on data from the Taiwan National Food Consumption Database was
employed to calculate the percent provisional tolerable weekly intake (%PTWI). The
percent provisional tolerable weekly intake of aluminum for adults (19e50 years) and
children (3e6 years) based on the consumption rate of the total population showed that
candies and snacks did not contribute greatly to aluminum exposure. By contrast, in the
exposure assessment based on the consumers-only consumption rate, the estimated
values of weekly exposure to aluminum from dried papaya threads in adults (19e50 years)
and children (3e6 years) were 4.18 mg/kg body weight (bw)/wk and 7.93 mg/kg bw/wk,
respectively, for 50th percentile consumers, and 6.26 mg/kg bw/wk and 12.88 mg/kg bw/wk,
respectively, for 95th percentile consumers.
Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan
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Aluminum is the third most abundant element on earth.
Aluminum additives are widely used in many food products
such as flour, baking powder, firming agents, coloring
agents, and anticaking agents. Food is the major source of
aluminum exposure to humans [1]. Sedman [2] reported that
aluminum intoxication was an iatrogenic disease and could
cause encephalopathy, metabolic bone disease, and micro-
cytic anemia. Excessive aluminum exposure to humans had
been associated with adverse neurologic, hematopoietic,
skeletal, respiratory, immunologic, and other health effects
[3e5]. The European Food Safety Authority (EFSA) has
established a tolerable weekly intake for aluminum, which is
1 mg aluminum/kg body weight (bw)/wk, and for highly
exposed consumers the intake was estimated to be 2.3 mg/
kg bw/wk [6]. In the 2011 Joint FAO/WHO Expert Committee
on Food Additives (JECFA) report, the provisional tolerable
weekly intake (PTWI) for aluminum was established to be
2 mg aluminum/kg bw/wk [7]. The dietary exposure esti-
mates of children to aluminum-containing food additives
could exceed the PTWI by up to twofold, according to the
2011 JECFA report. Codex [8] and EFSA regulated the
maximum content of aluminum-containing additives in
different specified food items to reduce the dietary exposure
to aluminum. However, food additives containing aluminum
were generally recognized as safe (GRAS) by the US Food and
Drug Administration (FDA) when used as a salt substitute in
accordance with good manufacturing practice. For foods
more likely to be highly consumed by children, the Codex
General Standard for Food Additive (GSFA) established the
maximum permissible level of aluminum in various food
category with added aluminum-containing additives as fol-
lows: 100 mg/kg in chewing gums, 100 mg/kg in crackers,
100 mg/kg in ordinary bakery products, 60 mg/kg in dairy-
based drinks, 40 mg/kg in steamed breads and buns, and
40 mg/kg in mixes for bread and ordinary bakery wares [8].
The Commission Regulation (EU) No. 380/2012 permitted the
maximum level of aluminum coming from all aluminum
lakes to be up to 30 mg/kg in potato-, cereal-, flour-, or
starch-based snacks; up to 70 mg/kg in confectioneries, and
candied fruits and vegetables; up to 200 mg/kg, as aluminum
sulfate, in candied cherries; and up to 300 mg/kg in chewing
gums. In 2016, the Taiwan FDA specified the application
scope and the maximum permissible level of food additives
containing aluminum, including ammonium aluminum
sulfate (INS523), aluminum potassium sulfate (INS 522), so-
dium aluminum sulfate (INS521), aluminum sulfate (INS520),
and acidic sodium aluminum phosphate [INS541(i)]. These
food additives have been restricted for use only in specified
categories of food, with the maximum limits being 500 ppm
in processed mollusks, crustaceans, and echinoderms
products; 500 ppm in seaweed; 300 ppm in fried puffed
foods; 300 ppm in pastries; 200 ppm in pickled vegetables;
and 40 ppm in mixes for bread and ordinary bakery wares.
According to Sato et al [9], daily intakes of aluminum from
sugar and confections/savories for younger children
(1e6 years old) and children of 7e14 years of age in Japanwere
0.83 mg/person/d and 0.7 mg/person/d, respectively. Only insmall children the aluminum exposure for the percentages of
95th percentile (P95) to PTWI (2.0 mg/kg bw/wk) exceeded
100%, according to Sato et al [9]. Children aremore susceptible
to aluminum overexposure per kilogram of body weight than
adults [6,7,10]. The study by Guo et al [11] found that children
in China had the highest risk of aluminum exposure, with
22.8% having an aluminum intake higher than the JECFA
PTWI. By contrast, only 3.2% of adults exceeded the PTWI in
the same study.
The Taiwan FDA conducted a survey on aluminum content
in domestic food products in 2012. The survey focused on
aluminum-rich foods, including ordinary bakery products,
fried puffed foods, pastry products, sugar-coated desserts,
processed jelly fish products, mixes for bread and ordinary
bakery wares, mung bean vermicelli, and cheese- and cocoa-
based products. Previously, no surveillance and monitoring
of aluminum content for imported candies and snack foods in
Taiwan were carried out [12]; hence, a study to assess the di-
etary exposure of aluminum from candies and snack foods is
very important.2. Methods
2.1. Reagents and chemicals
Aluminum (1000 mg/mL, ISO Guide 34 Certified Reference
Material) was obtained from High-Purity Standards
(Charleston, SC, USA). Nitric acid (Selectipur-UPS, 70% purity)
was obtained from BASF SE (Ludwigshafen, Germany).
Hydrogen peroxide (Perdrogen 30%H2O2 (w/w), reag. ISO, reag.
Ph. Eur. grade) was acquired from Sigma-Aldrich (St Louis,
MO, USA).
2.2. Equipment
Thehigh-speedpulverizingmachineRT-02Awasacquired from
Rong Tsong Precision Technology Co. (Taichung City, Taiwan).
The ASX-500 Series Auto Sampler was obtained from Agilent
Technologies (Santa Clara, CA, USA) and the heating block
BHW-09C from Kohan Instruments Co., Ltd. (Taipei, Taiwan).
Microwave digestion of the sample was performed by CEM
MARSXpress (CEM Corp., Matthews, NC, USA). Horiba Jobin
Yvon-Ultima 2 inductively coupled plasma optical emission
spectrometry (ICPOES) (HORIBAJobinYvonS.A.S., Longjumeau,
France) was employed for the determination of aluminum.
2.3. Sample collection and pretreatment
The samples were bought from candy shops, supermarkets,
and convenience stores, and through online shopping. Sample
selection focused mainly on imported candies and snacks. A
total of 67 samples, including five chewing gums, seven dried
fruits, 13 chocolates, two jellies, two dried squid pieces, and 38
candies, were analyzed.
The samples were first cut into small pieces and homoge-
nized using the high-speed pulverizing machine RT-02A.
About 0.25 g homogenized sample was placed in a micro-
wave digestion vessel, and 5 mL concentrated nitric acid was
added. The temperature of the heating block was set at 105C
Table 1 e Aluminum content in different types of candy
and snack samples.
Type No. Content
(mg/kg)
Meana
(mg/kg)
Median
(mg/kg)
Chewing gums 5 19.7e54.3 36.62 40.70
Dried fruits 7 2.3e828.9 300.06 18.3
Chocolate 13 1.4e23.0 9.1 8.2
Jellies 2 2.4e2.4 2.3 2.3
Dried squid pieces 2 7.2e8.4 7.8 7.8
Candies 38 0.8e333.10 24.54 3.8
LOQ ¼ limit of quantitation.
a A value of 1/2 LOQ is assigned for samples with aluminum con-
centration below LOQ when calculating the mean concentration.
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After the digestion vessel was cooled down, 2 mL H2O2 was
added to it. The digestion vessel was then placed in the mi-
crowave digester for digestion and heating by the temperature
program in two parts. In the first part of the digestion pro-
gram, the temperature was ramped to 170C within 20 mi-
nutes, followed by a hold time of 5 minutes under microwave
irradiation at 1600 W. In the second part of the digestion
program, the temperature was ramped to 200C within 6 mi-
nutes, followed by a hold time of 30minutes undermicrowave
irradiation at 1600 W.
When the digestion vessel was cooled down to room
temperature, the content was placed into a 25-mL volumetric
flask and deionized water added up to the 25-mL mark. The
sample solution was filtered through a filter paper before ICP
OES analysis.
Operation conditions for ICP OESwere as follows: The radio
frequency (RF) power was 1000W. Argon gas flow rates for the
plasma, auxiliary, and nebulizer flow were 12 L/min, 0 L/min,
and 0.67 L/min, respectively. The elemental wavelength for
aluminum detection was 396.152 nm.Table 2 e Aluminum content, mean and median, in
samples from different world regions.
Region Number Content
(mg/kg)
Mean
(mg/kg)
Median
(mg/kg)
Americaa 3 12.7e28.6 19.7 18.3
East Asiab 18 0.8e54.3 14.0 5.9
Europec 12 0.8e8.7 3.0 1.1
South East Asiad 31 0.8e829.9 96.0 6.9
West Asiae 3 5.4e15.3 10.1 9.6
a America: US, Chile.
b East Asia: China, Korea, Japan.
c Europe: Czech Republic, France, Germany, Hungary, Italy, the
Netherlands.
d South East Asia: Indonesia, Malaysia, Thailand, Vietnam.
e West Asia: Iran, Turkey.3. Results and discussion
3.1. Method validation
3.1.1. Linearity of calibration curve and limit of quantitation
The calibration curve was linear for the aluminum concen-
trations of 100 ng/mL, 250 ng/mL, 500 ng/mL, 750 ng/mL, and
1000 ng/mL. The slope and intercept of the calibration curve
were 12.032 and 877.75, respectively. The correlation coeffi-
cient of the calibration curve was 0.9949. The limit of quanti-
tation (LOQ) was 1.53 mg/g, as determined by the standard
deviation of signals (s) and slope (m) in the calibration curve,
i.e., LOQ ¼ 10  s/m [13].
3.1.2. Precision and accuracy
Fromour previouswork and thework by Stahl et al [14], cocoa-
based products such as chocolate could have a high
aluminum content. From the work of Sato et al [9], the re-
covery of aluminum did not vary greatly for fish/shellfish,
sugar and confections/savories, fruits, vegetables, and sea-
weeds. Therefore, a recovery test was conducted for choco-
late. The recovery rate was evaluated by spiking 300 ng/mL
aluminum standard solution into chocolate in triplicate for
3 days. The recovery rate was between 85.6% and 108.9%, and
themean recovery rate was 94.9% for the spiked samples. The
coefficient of variation was checked by spiking 300 ng/mL and
500 ng/mL aluminum standard solutions into chocolate in
triplicate for 3 days. The coefficient of variation was 4.7% and
7.0%, respectively, for 300 ng/mL and 500 ng/mL.
3.2. Aluminum content in candies and snacks
Aluminum content in different types of candy and snack
samples are shown in Table 1. For the present study, in 81% of
the samples, the concentration of aluminumwas greater than
the LOQ. For calculating the mean concentrations, it had been
assumed that in samples with aluminum concentrations lessthan the LOQ, the concentrations were equal to 1/2 LOQ, ac-
cording to the World Health Organization (WHO) risk assess-
ment principle [15]. Dried fruits were found to have the
highest mean aluminum content, followed by chewing gums
and candies. The highest median aluminum content was
found in chewing gums, followed by dried fruits and choco-
late. Aluminum content, mean and median, in samples from
different world regions are shown in Table 2. The products
imported from the EU had the lowest mean and median
aluminum content. This could be due to stricter regulations in
EU countries.
The dried fruit samples included one dried mango, three
raisins, and three dried papaya threads. The highest
aluminum contents were found in three dried papaya threads
from Thailand, which were 828.9 mg/kg, 646.7 mg/kg, and
576.2 mg/kg. A dried papaya thread is actually a dried fruit
product that imitates a dried fig (Ficus carica) thread, and
mislabeling has been previously reported in the news media.
Taiwan FDA had demanded the product vendors to provide
correct labeling. The mean aluminum concentration of the
three raisins was 15.4 mg/kg, and the concentration of dried
mango from Thailand was 2.3 mg/kg. The aluminum content
in raisins was higher than 5.92e8.76 mg/kg reported by Bra-
takos et al [16]. Altundag and Tuzen [17] reported that the
average aluminum content was 0.83e12.02 mg/kg in dried
fruits, 7.69e10.53 mg/kg in raisins (Vitis vinifera L.), and
0.83e1.06 mg/kg in figs (F. carica L.). Gonzalez-Weller et al [18]
reported that the mean aluminum content in hazelnuts and
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aluminum content of fruits and berries was 5e32 mg/kg. For
crystallized fruit samples and figs, the aluminum content was
1.0e8.9 mg/kg and 3.6e7.2 mg/kg, respectively, in the study by
Toth et al [20]. The maximum limit for aluminum sulfate was
300 mg/kg in crystallized fruits in Portugal; however, the
aluminum content in the study by Toth et al [20] was much
lower than the Portugal regulatory limit. Usually the reported
aluminum content in fruits and dried fruits is quite low, but
there were reports about products containing a relatively high
level of aluminum in Asian countries. According to Chen et al
[21], the average aluminum content in glace fruits was 62 mg/
kg, and the highest aluminum content in their study was
236mg/kg. Jiang et al [22] detected 3.3e209.0mg/kg aluminum
in preserved fruits. Li et al [23] found that in nearly 50% of
preserved fruits in Shijiazhuang city, the aluminum content
was found to range from 60 mg/kg to 851 mg/kg. The Com-
mission Regulation (EU) No. 380/2012 [24] regulated the limit
for aluminumcoming fromall aluminum lakes to 70mg/kg for
candied fruits and vegetables. Similarly, the maximum level
of aluminum sulfate in candied cherries was regulated at
200 mg/kg to reduce the aluminum exposure level from these
products.
The aluminum content of 19.7e54.3 mg/kg in chewing
gums was similar to the level 36e64 mg/kg determined by
Vi~nas et al [25]. The aluminum content of 610e900 mg/kg
reported by Kupchella and Syty [26] and 132e515 mg/kg by
Lione and Smith [27] was higher than that found in the
present study. Even though the aluminum content in a
single stick of chewing gum could amount to 20% of normal
daily intake, Lione and Smith [27] found that the aluminum
extracted by chewing would contribute only 2.2% at most to
the estimated daily intake of aluminum from all sources. As
the presence of aluminum in chewing gums was mostly due
to the use of aluminum-containing food additives, the
Commission Regulation (EU) No. 380/2012 regulated the
maximum limit for aluminum coming from all aluminum
lakes to be 300 mg/kg. The maximum limit for aluminum
silicate (INS 559), calcium aluminum silicate (INS 556), and
sodium aluminosilicate (INS 554) in chewing gums was
100 mg/kg, according to Codex General Standard for Food
Additives [8]. In the recent survey by Marı´n-Martı´nez et al
[28], the mean aluminum content in chewing gums without
sugar and chewing gums with sugar was 40.63 mg/kg and
54.55 mg/kg, respectively. The lower aluminum content
surveyed in chewing gums in recent years could be a
consequence of international regulations and the use of new
aluminum-containing food additives.
Relatively high aluminum content in candies could be
detected due to the use of aluminum-containing additives.
Yang et al [29] reported that in orange color-coated candies
the highest Ponceau 4R lake dye concentration was
353.8 mg/kg, and in red color-coated candies the highest
Allura Red lake dye concentration was 322.7 mg/kg. There
were two candies with an aluminum content of >200 mg/kg
in this study. These two samples were fruit-flavored candies
with a hard coating of different colors. The aluminum con-
centration in the different colors of highest mean concen-
tration fruit-flavored candy sample was yellow color
799.0 mg/kg, blue color 704.3 mg/kg, orange color 686.2 mg/kg, and pink color 325.9 mg/kg respectively. Aluminum
content in the sample with the second highest aluminum
mean concentration was as follows: 310.9 mg/kg in blue
color, 259.6 mg/kg in purple color, and 259.1 mg/kg in red
color fruit-flavored candies. In Belgian food samples, Fekete
et al [30] detected 0.05e560.35 mg/kg aluminum in sugar and
confectionaries. For food samples in Hong Kong, Wong et al
[31] found that confectioneries with a coating could have
aluminum content in the range of 1e201 mg/kg. Stahl et al
[14] reported confectioneries with an aluminum content of
1e184 mg/kg in German food products. Most of the other
previous studies had shown that the aluminum level in
candies was <30 mg/kg. Mu¨ller et al [32] reported an
aluminum content of 3.4e12 mg/kg in candies, Sch€afer and
Seifert [33] reported 3.6 mg/kg in candies, Jalbani et al [34]
reported 10.87e21.7 mg/kg in sugar-based candies, Millour
et al [35] reported 0.472e3.05 mg/kg in sugar and sugar-
based products, Bratakos et al [16] reported 0.43e11.10 mg/
kg in sweets and sugars, and Sato et al [9] reported
17.03e21.73 mg/kg in sugar and confections.
The aluminum content of 19.7e54.3 mg/kg in chocolate
was similar to the level of 1.77e54.1 mg/kg in chocolate re-
ported by Millour et al [35]. The aluminum level was higher in
cocoa and chocolate products from previous studies; in
particular, chocolate products with a higher cocoa content
could have higher aluminum content. The aluminum content
was 9.4e103 mg/kg in cocoa and cocoa products, as reported
by Mu¨ller et al [32]; 9.9e111 mg/kg in cocoa and cocoa prod-
ucts, as reported by Sch€afer and Seifert [33]; 48.84e184.3 mg/
kg in cocoa-based chocolate and 20e38.4 mg/kg in milk-based
chocolate, as reported by Jalbani et al [34]; 6e150 mg/kg in
chocolate, as reported by Stahl et al [14]; and 30e312 mg/kg in
cocoa powder, as reported by Stahl et al [14].
3.3. Estimation of risk of exposure to aluminum from
candies and snacks
In order to estimate the aluminum exposure through con-
sumption of candies and snacks intake, the observed indi-
vidual mean approach currently used by the EFSA to
estimate the long-term exposure of food additives was
adopted [15,36]. In the observed individual mean approach,
all the relevant foods consumed on a person-day, which are
present in the food consumption database, are multiplied by
the mean concentration of a chemical in that food. Two
estimates based on different model populations are calcu-
lated: the total population (including consumers and non-
consumers) and the consumers only model [11,37]. The total
population model was suitable for total diet study [38]. For
commodity not eaten very frequently, the consumers-only
model was a preferable approach for estimating consumer
risk. We compared the percentage of estimated weekly
intake (EWI) with the PTWI set by JECFA to characterize the
extent of exposure. The food consumption rate (g/d) and the
body weight data (kg) were taken from the Taiwan National
Food Consumption Database [15,39] to evaluate the expo-
sure of aluminum from candies and snacks. The mean and
standard deviation of the consumption rate (g/d) for
different candy and snack categories in the total population
and in consumers only are listed in Table 3. The mean
Table 3 e Mean and SD of consumption rate (g/d) of different candy and snack categories in the total population and in
consumers only.
Age group Type Total populationa Consumers onlyb
Mean
(g/d)
SD
(g/d)
Mean
(g/d)
SD
(g/d)
3e6 y Candyc 2.92 17.88 24.19 32.54
Chewing gumc 2.92 17.88 24.19 32.54
Chocolated 1.52 8.19 23.41 14.14
Snacke 2.51 15.94 24.06 41.58
Jellyf 17.33 94.78 138.05 117.72
Dried mangog 0.05 0.43 4.64 2.88
Raisinh 0.54 3.66 13.74 13.19
Dried papaya threadi 0.35 4.74 35.56 10.72
19e65 y Candyc 1.6 18.24 26.97 42.54
Chewing gumc 1.6 18.24 26.97 42.54
Chocolated 2.05 36.93 64.21 71.54
Snacke 1.23 11.12 25.16 34.72
Jellyf 5.63 63.19 140.37 185.91
Dried mangog 0.15 1.78 18.05 19.05
Raisinh 0.68 7.12 18.06 33.81
Dried papaya threadi 0.08 2.22 56.74 14.17
NFCD¼National Food Consumption Database; SD ¼ standard deviation.
a Consumption rate from the total population.
b Consumption rate from consumers only.
c Taiwan NFCD food item category K201.
d Taiwan NFCD food item category K202.
e Taiwan NFCD food item category K303.
f Taiwan NFCD food item category K304.
g Taiwan NFCD food item category I402.
h Taiwan NFCD food item category I202.
i Taiwan NFCD food item category I102.
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in the total population was lower than the average chocolate
daily intake of 19 g in Germany [14], but the mean chocolate
daily intake of 23.41 g in consumers only was comparable
with the German consumption. Similarly, the mean candy
intake of 2.92 g/d for children 3e6 years of age in the total
population was lower than the average confectionery intake
of 21 g/d in Germany [14], but the mean candy intake of
24.19 g/d in consumers only was comparable with the
German consumption. The serving size for dried papaya
threads with the highest aluminum content was 35 g, which
was comparable with the mean consumption rate of 35.56 g/EWI ðmg=kg bw=wkÞ ¼

mean Al concentration

mg
kg

 CR

g
day  1 kg1000 g

 7ðd=wkÞ
½body weight ðkgÞ (1)d for children aged 3e6 years in consumers only. The
serving size for fruit-flavored candies with the highest
aluminum content was 20 g, which was comparable with the
mean consumption rate of 24.19 g/d for children aged
3e6 years in consumers only.
According to the Taiwan National Food Consumption
Database, the mean body weights for children aged 3e6 years
and adults aged 19e65 years are 20.56 kg and 63.05 kg,respectively. The exposure scenario for the average consumer
was estimated by the 50th percentile (P50) consumption rate
and that for high consumers was estimated by the P95 con-
sumption rate from the respective total population and con-
sumers only consumption data. The P50 and P95 food
consumption rates could be determined from the National
Food Consumption Database by lognormal distributions. The
mean concentration of aluminum in different sample types
was adopted to calculate the EWI, as suggested by the WHO
and EFSA dietary exposure assessment principle [36,40]. The
P50 and P95 EWI and %PTWI were calculated by the following
equations:%PTWI ¼ EWI
PTWI
 100 (2)
The values for estimated weekly exposure of aluminum
(mg/kg bw/wk) for adults (19e65 years) and children
(3e6 years) based on the consumption rate in the total
population are given in Table 4. The calculated P50%PTWI
for both children (3e6 years) and adults (19e65 years) was
Table 4 e Estimated weekly exposure to aluminum (mg/kg bw/wk) for children (3e6 years) and adults (19e50 years) based
on the consumption rate in the total population.
Age group Type Mean Al
(mg/kg)
P50 CRa
(g/d)
P95 CRb
(g/d)
P50 EWIc
(mg/kg bw/wk)
P95 EWId
(mg/kg bw/wk)
P50%PTWIe
(%)
P95%PTWIf
(%)
3e6 y Candyg 24.5 0.47 10.90 0.0039 0.0909 0.20 4.55
Chewing gumg 36.6 0.47 10.90 0.0059 0.1359 0.29 6.79
Chocolateh 9.1 0.28 5.76 0.0009 0.0179 0.04 0.89
Snacki 7.8 0.39 9.32 0.0010 0.0248 0.05 1.24
Jellyj 2.3 3.12 65.61 0.0024 0.0514 0.12 2.57
Dried mangok 2.3 0.01 0.18 0.0000 0.0001 0.00 0.01
Raisinl 15.4 0.08 1.99 0.0004 0.0104 0.02 0.52
Dried papaya threadm 683.9 0.03 1.10 0.0060 0.2570 0.30 12.85
19e65 y Candyg 24.5 0.14 5.28 0.0004 0.0144 0.02 0.72
Chewing gumg 36.6 0.14 5.28 0.0006 0.0215 0.03 1.07
Chocolateh 9.1 0.11 5.94 0.0001 0.0060 0.01 0.30
Snacki 7.8 0.14 4.29 0.0001 0.0037 0.01 0.19
Jellyj 2.3 0.50 18.66 0.0001 0.0048 0.01 0.24
Dried mangok 2.3 0.01 0.49 0.0000 0.0001 0.00 0.01
Raisinl 15.4 0.06 2.29 0.0001 0.0039 0.01 0.20
Dried papaya threadm 683.9 0.00 0.20 0.0002 0.0152 0.01 0.76
Al ¼ aluminum; bw ¼ body weight; CR ¼ consumption rate; EWI ¼ estimated weekly intake; NFCD¼National Food Consumption Database;
P50 ¼ 50th percentile; P95 ¼ 95th percentile; PTWI ¼ provisional tolerable weekly intake; %PTWI ¼ percent provisional tolerable weekly intake.
a Fifty percentile of CR in the total population.
b Ninety-five percentile of CR in the total population.
c P50 EWI ¼ mean Al  P50 CR  7/bw/1000.
d P95 EWI ¼ Mean Al  P95 CR  7/bw/1000.
e P50%PTWI¼ (P50 EWI/PTWI)  100.
f P95%PTWI¼ (P95 EWI/PTWI)  100.
g Taiwan NFCD food item category K201.
h Taiwan NFCD food item category K202.
i Taiwan NFCD food item category K303.
j Taiwan NFCD food item category K304.
k Taiwan NFCD food item category I402.
l Taiwan NFCD food item category I202.
m Taiwan NFCD food item category I102.
j o u rn a l o f f o o d a nd d r u g an a l y s i s 2 4 ( 2 0 1 6 ) 7 7 1e7 7 9776<1%. For children (3e6 years), the highest P95%PTWI was
12.85% from consuming dried papaya threads, followed by
6.79% from chewing gums and 4.55% from candies. How-
ever, for adults (19e65 years), the highest P95%PTWI was
1.07% from consuming chewing gums, followed by 0.76%
from dried papaya threads, and 0.72% from candies. The
results indicated that for the total population aluminum
exposure from candies and snacks would not pose any
health risk.
Table 5 illustrates the aluminum exposure risk from
candies and snacks for consumers only. Dietary exposure in
consumers only was higher than that in the total popula-
tion, as reported in the dietary exposure study by Guo et al
[11]. The P95 aluminum exposure of children among con-
sumers only was 7.61 mg/kg bw/wk and that for the total
population was 6.50 mg/kg bw/wk. The calculated P50%
PTWI values from consuming dried papaya threads were
396.38% and 208.99% for children (3e6 years) and adults
(19e65 years), respectively; the P95%PTWI values from
consuming dried papaya threads were 643.87% and 313.21%
for children and adults, respectively. For both the children
and adults, EWI from consuming dried papaya threads
exceeded the aluminum PTWI suggested by JECFA. Owing to
the high aluminum content in dried papaya threads, these
results could be expected. For children (3e6 years), thesecond highest P95%PTWI was 47.85% from chewing gums,
followed by 32.03% from candies. A similar trend was
observed in adults (19e65 years), but the exposure for adults
was lower than that for children. For adults (19e65 years),
the second highest P95%PTWI was 18.45% from chewing
gums, followed by 12.35% from candies.
The %PTWI values of aluminum exposure from chocolate
for average and high consumers among children were 17.29%
and 59.15%, based on the PTWI value of 1 mg/kg bw/wk ac-
cording to Stahl et al [14]. The %PTWI of the previous work
converted to the PTWI value by JECFA in 2011 was 8.15 and
29.57%. Although chocolate consumption in consumers only
was similar to that reported by Stahl et al [14], the corre-
sponding %PTWI values in this work were 3.10% and 7.77%,
based on the PTWI value by the 2011 JECFA report. The %PTWI
was lower in the present study, because the aluminum con-
tent was lower in our chocolate samples. The %PTWI values
for aluminum exposure from candies for average consumers
among children, according to Stahl et al [14] and the present
work, were 1.91% and 6.02% based on the 2011 JECFA reported
PTWI value. The higher %PTWI was due to the higher
aluminum content in our candy samples.
The %PTWI values of aluminum exposure for children in
Australia, France, and UK, according to the PTWI established
by the JECFA in 2011, were 15.4%, 21.8%, and 43.1%,
Table 5 e Estimated weekly exposure to aluminum (mg/kg bw/wk) for adults (19e50 years) and children (3e6 years) based
on the consumption rate in consumers only.
Age group Type Mean Al
(mg/kg)
P50 CRa
(g/d)
P95 CRb
(g/d)
P50 EWIc
(mg/kg bw/wk)
P95 EWId
(mg/kg bw/wk)
P50%PTWIe
(%)
P95%PTWIf
(%)
3e6 y Candyg 24.5 14.43 76.80 0.12 0.64 6.02 32.03
Chewing gumg 36.6 14.43 76.80 0.18 0.96 8.99 47.85
Chocolateh 9.1 20.04 50.15 0.06 0.16 3.10 7.77
Snacki 7.8 12.05 83.38 0.03 0.22 1.60 11.07
Jellyj 2.3 105.04 354.36 0.08 0.28 4.11 13.87
Dried mangok 2.3 3.94 10.08 0.00 0.01 0.15 0.39
Raisinl 15.4 9.91 37.45 0.05 0.20 2.60 9.82
Dried papaya threadm 683.9 34.05 55.30 7.93 12.88 396.38 643.87
19e65 y Candyg 24.5 14.44 90.79 0.04 0.25 1.96 12.35
Chewing gumg 36.6 14.44 90.79 0.06 0.37 2.93 18.45
Chocolateh 9.1 42.89 187.98 0.04 0.19 2.17 9.50
Snacki 7.8 14.76 80.69 0.01 0.07 0.64 3.49
Jellyj 2.3 84.58 442.89 0.02 0.11 1.08 5.65
Dried mangok 2.3 12.41 51.52 0.00 0.01 0.16 0.66
Raisinl 15.4 8.51 64.01 0.01 0.11 0.73 5.47
Dried papaya threadm 683.9 55.05 82.50 4.18 6.26 208.99 313.21
Al ¼ aluminum; bw ¼ body weight; CR ¼ consumption rate; EWI ¼ estimated weekly intake; NFCD¼National Food Consumption Database;
P50 ¼ 50th percentile; P95 ¼ 95th percentile; PTWI ¼ provisional tolerable weekly intake; %PTWI ¼ percent provisional tolerable weekly intake.
a Fifty percentile of CR in consumers only.
b Ninety-five percentile of CR in consumers only.
c P50 EWI ¼ Mean Al  P50 CR  7/bw/1000.
d P95 EWI ¼ Mean Al  P95 CR  7/bw/1000.
e P50%PTWI¼ (P50 EWI/PTWI)  100.
f P95%PTWI¼ (P95 EWI/PTWI)  100.
g Taiwan NFCD food item category K201.
h Taiwan NFCD food item category K202.
i Taiwan NFCD food item category K303.
j Taiwan NFCD food item category K304.
k Taiwan NFCD food item category I402.
l Taiwan NFCD food item category I202.
m Taiwan NFCD food item category I102.
j o u r n a l o f f o o d and d ru g an a l y s i s 2 4 ( 2 0 1 6 ) 7 7 1e7 7 9 777respectively [41]. The respective %PTWI values for children in
Japan [9] and Shenzhen China [42] were 43.1% and 163.6%,
respectively. The %PTWI of aluminum exposure for children
in Asian countries was, on average, higher than that in
western countries.4. Conclusion
From the result of the present work, the aluminum content of
some candies and snacks could expose children to a high level
of aluminum. In the present study, for consumers only, the
P50 and P95 %PTWI values for consumption of dried papaya
threads were 396.38 and 643.87 in children and 208.99 and
313.21 in adults, according to the 2011 JECFA reported PTWI
value.
Children were at a higher risk of exposure to aluminum
from candies and snacks compared with adults. To protect
children from high aluminum exposure and as a health pre-
cautionary measure, the level of aluminum in some products
should be reduced and regulated in Taiwan. Aluminum sul-
fate was commonly employed as a hardening or firming agent
in the production of candied fruits. A hardening or firming
agent without aluminum could be employed as an alternative
for the manufacturing process.5. Conflicts of interest
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